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SOLID-STATE IMAGE PICKUP DEVICE, FIGS. 6A and 6B show a CCD solid-state image pickup 

WITH PURPOSEFULLY DISPLACED COLOR device having an on-chip color filter for a primary color 

FILTERS, METHOD OF MANUFACTURING system according to the second related art of the present 

SAME AND CAMERA INCORPORATING invention. The second related art substantially has the same 

SAME 5 arrangement as that of the first related art shown in FIGS. 4A 

to 5B except that the on-chip color filter 43 has a single -layer 
structure. 

1. Field of the Invention ^When-the~exitpupirof tr^lel^B^f ^e-camera^shownT^ 
The present invention relates to a solid-state image pickup (i nFIGS, 2 and 3 is close to the chip 11, light 46 is incident 

device having a plurality of color filters corresponding to a 10 ron'theorT-chip lens 45 at the central portion 12a of the image 
plurality of pixels, a method of manufacturing the same and Lpickup region 12 almost in parallel to the optical axis of the^ 
a camera having this solid-state image pickup device. {on-chip lens 45, as shown in FIGS. 4A_and _.6A,- Abthe 

2. Description of the Related Art peripheral portion 12b of the image pickup region 12, 
FIG. 1 is a plan view of an entire CCD solid-state image ^owever, the light 46 is incident on the on-chip lens 45/ 

pickup device of an interline transfer type. A chip 11 of this 15 [obliquely with respect to the optical axis of the on-chip lens 7 

CCD solid-state image pickup device has an image pickup 45, as shomjnFItgSjyg^and^B^ — — 

region 12 formed by arraying a plurality of pixels. FIG. 2 For this reason, in the first and second related arts, the 

schematically shows a camera using the chip 11. In this optical axis of the on-chip lens 45 is made to match the 
camera, the image of light from a target object is formed in center of the opening 37a of the light-shielding film 37 at the 
the image pickup region 12 of the chip 11 through an optical 20 central portion 12a of the image pickup region 12, as shown 
system 14 including a lens 13. The chip 11 of the CCD in FIG. 5A, although_the displaceme nt fimniinf M" f irf n-tlr 
solid-state image pickup device is driven by a driving optical axis of the on-ch ip lens 45 and the center of. the ^ 
system 15 including a timing generator. The output signal opening 3 /a of me tigm-shielding tj |r n ^ 7 ^ 
from the chip 11 is converted into an image signal through towara ine penpneral po rtion 12b, as sh own in FIG. 5 B. 
various signal processing operations in a signal processing 25 As is anient from HG!v 4B and 6lJ, the ratio ot' the 'light 
system 16. FIG. 3 is an enlarged view of a portion of the 46 which is focused by the on-chip lens 45 and made 
camera near the chip 11 and the optical system 14. incident on the sensor 25 of each pixe Hs hi gh_eyen,at .the 

FIGS. 4A to 5B show a CCD solid-state image pickup peripheral portion 12fo. / Therefore";"sliading due to the inciy 
device having an on-chip color filter for a complementary ^ Q dent^angle™of~the~light 46, i.e., a phenomenon that the-^ 
color system according to the first related art of the present ^sensitivity gradually changes from the central portion to the/ 
invention. peripheral portion on the image pickup output screen is J 

FIGS. 4A and 5A show a central portion 12a of the image S ljPP^?5^ — — — — 

pickup region 12. FIGS. 4B and 5B show a peripheral Recently, the displacement amount between the on-chip 
portion 12b of the image pickup region 12. In this first 35 lens 45 and the opening 37a at the peripheral portion 12b is 
related art, a p-type well 22 is formed in an Si substrate 21. increasing along with a reduction of the effective size of an 
A p-type region 23 as a hole accumulated region and an optical system. When the exit pupil distance of a lens is 3 
n-type region 24 closer to the surface of the Si substrate 21 mm, the incident angle of the light 46 is about 50° and the 
than the p-type well 22 constitute a sensor 25. displacement amount of the on-chip lens 45 almost reaches 

A p-type region 26 adjacent to the sensor 25 serves as a m the pixel pitch, 
read out portion, and an n-type region 27 adjacent to the However, in the first and second related arts, the center of 

p-type region 26 serves as a vertical transfer portion. A the on-chip color filter 43 of each pixel matches the center 
p-type well 31 is formed under the n-type region 27. A of the opening 37a even at the peripheral portion 12b, as 
p-type region 32 adjacent to the n-type region 27 serves as shown in FIGS. 4B and 6B. 

a pixel separation portion. An Si0 2 film 33 as a gate 45 As is apparent from FIGS. 4B and 6B, the light 46 
insulating film is formed on the surface of the Si substrate incident on the sensor 25 of each pixel passes through the 
21. A polysilicon film 34 on the Si substrate 21 forms a on-chip color filter 43 of an adjacent pixel, resulting in a 
transfer electrode. mixed color, or the light 46 passes through only part of the 

The polysilicon film 34 is covered with an Si0 2 film 35 thickness of the on-chip color filter 43 of the pixel, resulting 
or the like as an insulating film. The Si substrate 21 and the 50 in a deviation of the spectral characteristics from desired 
Si0 2 film 35 are covered with an Si0 2 film 36 as a characteristics. For this reason, in the first and second related 
passivation film. A fight-shielding film 37 consisting of an Al arts, a high-quality image having no color irregularity can 
film, a W film or the like is formed on the Si0 2 film 36. An hardly be obtained. 

opening 37a corresponding to the sensor 25 is formed in the To preV ent color irregularity, displacement of the on-chip 
light -shielding film 37. 5S filter 43 of each pixel from the op^^g 37^ h as also 

The light-shielding film 37 and so on are covered with an been examined. In this case, however, only the distance from 
SiN or SiO film 41 as a passivation film. Aplanarizing film the central portion 12a of the image pickup region 12 to the 
42 is formed on the SiN or SiO film 41. A red filter 43a, a opening 37a of each pixel is taken into consideration, and 
blue filter 436 and a yellow filter 43c on the planarizing film the thickness of the on-chip color filter 43 or the height from 
42 are patterned into a checkerboard pattern corresponding 60 the surface of the Si substrate 21 is not taken into consid- 
to pixels, which constitute an on-chip color filter 43. eration. For this reason, it is still difficult to obtain a 

The on-chip color filter 43 of this first related art is used high-quality image having no color irregularity, 
for a complementary system, so the blue filter 43b and the 

yellow filter 43c are stacked to form a green filter, as shown SUMMARY OF THE INVENTION 

in FIGS. 4A and 4B. Aplanarizing film 44 and an on-chip 65 /Ac^oSing7o^a^lia^tate~image pickup device, a method? 
lens 45 are sequentially formed on the on-chip color filter of-manufactu ring the device and a camera having the device-? 
43. Jf the p resen t inventio n, the dis p lacement amount of a color/ 
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filter with respect to an opening of a light-shielding film is 
^eteltninTd^in^c^bTdance witrTbolrTtrle distance" frOTrrtrje7 
^substantial center of an image pickup region and the height 
^from the surface of a substrate. For this reason, even when^ 
Lthe thickness or height of the color filter changes in units of 5 
pixels, and light is incident through a lens having a short exit 
"pupil distance, the whole light incident on the sensor of each 
/pixel can pass through only a color filter corresponding to 
the pixel and can pass through the entire "thickness of the 
color filter. Therefore, a high-quality-image having-no color 10 
irregularity caiij^obtained. J 

Even when the color filter has a multilayer structure, the 
whole light incident on the sensor of each pixel can readily 
pass through only a color filter corresponding to the pixel 
and can pass through the entire thickness of the color filter 15 
as far as the upper layer portion and the lower layer portion 
of the color filter have different displacement amounts with 
respect to the opening of the light-shielding film. Therefore, 
a high-quality image having no color irregularity can be 
easily obtained. 20 

Even when the color filter has a single-layer structure in 
which the thickness of the color filter changes in units of 
colors, the whole light incident on the sensor of each pixel 
can pass through only a color filter corresponding to the 
pixel and can pass through the entire thickness of the color 25 
filter. Therefore, a high-quality image having no color 
irregularity can be obtained. 


BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the chip of a solid-state image 
pickup device to which the present invention can be applied; 

FIG. 2 is a schematic view of a camera to which the 
present invention can be applied; 

FIG. 3 is an enlarged view of the camera shown in FIG. 

2; 

FIGS. 4A and 4B are side sectional views of the first 
related art of the present invention, in which FIG. 4A shows 
the central portion of an image pickup region, and FIG. 4B 
shows the peripheral portion of the image pickup region; 

FIGS. SA and 5B are plan views of the first related art, in 
which FIG. 5 A shows the central portion of the image 
pickup region, and FIG. 5B shows the peripheral portion of 
the image pickup region; 

FIGS. 6 A and 6B are side sectional views of the second 
related art of the present invention, in which FIG. 6 A shows 
the central portion of an image pickup region, and FIG. 6B 
shows the peripheral portion of the image pickup region; 

FIGS. 7A and 7B are side sectional views of the first 
embodiment of the present invention, in which FIG. 7A 
shows the central portion of an image pickup region, and 
FIG. 7B shows the peripheral portion of the image pickup 
region; 

FIGS. 8 A to 8 C are plan views of the first embodiment, in 
which FIG. 8A shows the central portion of the image 
pickup region, FIG. 8B shows the peripheral portion of the 
image pickup region and FIG. 8C shows the corner portion 
of the image pickup region; 

FIG. 9A is a graph showing the relationship between the 
absolute value of the exit pupil distance of a lens and the 
incident angle of light incident on the peripheral portion of 
the image pickup region; 

FIG. 9B is a graph showing the relationship among the 
height of a color filter from the surface of a substrate, the 
absolute value of the exit pupil distance of the lens and the 
displacement amount of the color filter in the first embodi- 
ment; 
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FIG. 9C is a schematic view for explaining the relation- 
ship between the height of the color filter and the displace- 
ment amount of the color filter in the first embodiment; 

FIG. 10 is a side sectional view of the second embodiment 
of the present invention and, more particularly, the periph- 
eral portion of an image pickup region; and 

FIGS. 11A and UB are side sectional views of the third 
embodiment of the present invention, in which FIG. 11 A 
shows the central portion of an image pickup region, and 
FIG. UB shows the peripheral portion of the image pickup 
region. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


The first to third embodiments of the present invention 
applied to a CCD solid-state image pickup device of an 
interline transfer type and a camera having the CCD solid- 
state image pickup device will be described below with 
reference to FIGS. 7Ato UB. The first to third embodiments 
have the same arrangement as in FIG. 1 as a whole. 

FIGS. 7A to 8C show the first embodiment having an 
on-chip color filter for a complementary color system. The 
first embodiment substantially has the same arrangement as 
that of the first related art shown in FIGS. 4A to 5B, so the 
optical axis of an on-chip lens 45 matches the center of an 
opening 37a of a light-shielding film 37 at a central portion 
12a of an image pickup region 12, as shown in FIGS. 7A and 
8A. 

In the first embodiment, however, at a peripheral portion 
126 of the image pickup region 12, not only the optical axis 
of the on-chip lens 45 but also the substantial center of an 
on-chip color filter 43 is displaced from the substantial 
center of the opening 37a of the light-shielding film 37, as 
shown in FIGS. 7B and 8B. The on-chip color filter 43 is 
displaced in the same direction as the displacement direction 
of the on-chip lens 45 although the displacement amount is 
smaller than that of the on-chip lens 45. The displacement 
amount of the on-chip color filter 43 corresponds to the 
distance from the substantial center of the opening 37a to the 
substantial center of the on-chip color filter 43 along the 
surface of the Si substrate 21. 

c THeseTdisplacem ent amounts increase toward the peripfis 
tejjafportion 126. The displacement direction at a peripheral 
, portion on an opposite side of the peripheral portion 126 6f^ 
f the image pickup region 12 is reverse to that at the peripheral 
j portion 126. The displacement direction at a corner portion^ 
L12c of the image pickup region 12 shown in FIG. 1 is not ax, 
one-dimensional direction as in FIG. 8B but_a_two^ 
50 dimensional direction, as sliown in FIG. 80^ 

"In FIGS. 7B, 8B 'and : 8Crali"d in the secondhand third 
embodiments to be described later, the on-chip lens 45 anch 
tHe on-chip color filter 43 are displaced by a uniform amount! 
near the peripheral portion 126 and the corner portion 12cl 
55 for the illustrative convenience. In fact, the displacement! 
amount is determined in accordance with both the distance \ 
from the substantial center of the image pickup region 12 to 
the opening 37a of each pixel and the height from the 
surface of the Si substrate 21 to the substantial center in the 
so^direction of thickness of the on-chip color filter 43, so the 
V_displacement amount of a high on-chip color filter 43 is. 

large^___ — — - — 

More specifically, as the absolute value of the exit pupil 
distance decreases, the incident angle of light 46 incident on 
65 the peripheral portion 126 of the image pickup region 12 
increases, as shown in FIG. 9A. However, as the absolute 
value of the exit pupil distance decreases, and the height 
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from the surface of the Si substrate 21 to the substantial 
center in the direction of thickness of the on-chip color filter 
43 increases, the displacement amount of the on-chip colof? 
jilter 43 becomes large, as shown inJF^^. 93jQd9(2^ y 
L More "specifically, a'riormar'camera has an exit pupil 
distance of about -20 mm. In the first embodiment, if the 
exit pupil distance is, e.g., -3 mm, and the incident angle of 
the light 46 is large, the displacement amount of the on-chip 
color filter 43 is increased. Therefore, a high-quality image 
can be obtained even with a camera such as an endoscope 
having a short exit pupil distance. 

As is apparent from FIG. 9B, the height of the on-chip 
color filter 43 is substantially proportional to its displace- 
ment amount. As a specific value of the displacement 
amount of the on-chip color filter 43, a median value 
between a displacement amount of zero and the displace- 
ment amount of the on-chip lens 45 is employed to most 
effectively guide the light 46 focused by the on-chip lens 45 
to a sensor 25. 

The on-chip color filter 43 can be formed by a conven- 
tionally known technique of dying casein or gelatin or 
patterning a photosensitive material mixed with coloring 
agents. The on-chip lens 45 can also be formed by a 

conventionally known tecj mique^^ 

^IiPthe above-described first embodiment, the light 46 
incident on the sensor 25 of each pixel is prevented froin 
passing through the on-chip color filter 43 of an adjacent 
pixel, and simultaneously, the light 46 is prevented from 
Massing through only part of the thickness of the on-chip 
Icolor filter 43 of the pixel, as is apparent from FIG. 7B, so 7 
a high-quality image having no color irregularity-can- be 
^obtained. ~~ 

^ FIG7~10~shows a peripheral portion 12b of an image 
pickup region 12, which is shown in FIG. 1, of the second 
embodiment having an on-chip color filter for a comple- 
mentary color system. The second embodiment substantially 
has the same arrangement as that of the first embodiment 
shown in FIGS. 7A to SC except that a blue filter 43fc and 
a yellow filter 43c which constitute a green filter have 
different displacement amounts, and the displacement 
amount of the yellow filter 43c on the upper side is larger 
than that of the blue filter 43£> on the lower side. 

In the second embodiment, the displacement amounts of 
the blue filter 43fc and the yellow filter 43c can be indepen- 
dently determined. For this reason, it is easier than in the first 
embodiment to prevent light 46 incident on a sensor 25 of 
each pixel from passing through an on-chip color filter 43 of 
an adjacent pixel or prevent the light 46 from passing 
through only part of the thickness of the on-chip color filter 
43 of the pixel, as is apparent from FIG. 10. 

FIGS. 11 A and 11 B show the third embodiment having an 
on-chip color filter for a primary color system. The third 
embodiment also has the same arrangement as that of the 
first embodiment shown in FIGS. 7A to 8C except that an 
on-chip color filter 43 has a single-layer structure. 

In the above first to third embodiments, the height from 
the surface of the Si substrate 21 to the lower surface of the 
on-chip color filter 43 is equal for all pixels because of a 
plan arizing film 42. Even when this height changes in units 
of pixels due to some reason, the displacement amount of the 
on-chip color filter 43 is determined in accordance with the 
height from the surface of the Si substrate 21 to the sub- 
stantial center in the direction of thickness of the on-chip 
color filter 43, so a high-quality image having no color 
irregularity can be obtained. 

In the first to third embodiments, as is apparent from a 
comparison of the position of the peripheral portion 12Z> of 
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the image pickup region 12 between FIG. 7B and FIG. 1, the 
on-chip color filter 43 is displaced along a direction from the 
substantial center of the opening 37a of the light-shielding 
film 37 to the central portion 12a of the image pickup region 

However, when the size of the lens of, e.g., a video 
camera is much larger than that of the image pickup region 
12, and the lens is mounted close to a chip 11, i.e., when the 
lens has a positive exit pupil, the on-chip color filter 43 may 
be displaced in a direction reverse to that in the first to third 
embodiments. 

What is claimed is: 

1. A solid-state image pickup device in which an image 
pickup region formed by arraying a plurality of pixels is 
formed on a substrate, a light-shielding film having an 
opening on a sensor of each of said pixels is formed on said 
substrate, and a plurality of color filters corresponding to 
said plurality of pixels are formed on said light-shielding 
film, 

wherein a displacement amount of said color filter which 
is displaced with respect to the opening along a surface 
of said substrate increases as a distance from a sub- 
stantial center of said image pickup region to the 
opening increases, and a height from said surface to a 
substantial center in a direction of thickness of said 
color filter increases. 

2. A device according to claim 1, wherein said color filter 
has a multilayer structure, and an upper layer portion and a 
lower layer portion of said color filter have different dis- 
placement amounts. 

3. A device according to claim 1, wherein said color filter 
has a single -layer structure, and the thickness of said color 
filter changes in units of colors. 

4. A device according to claim 1, wherein the displace- 
ment amount is proportional to the height. 

5. A device according to claim 1, wherein a plurality of 
lenses corresponding to said plurality of pixels are arranged 
on said plurality of color filters, and the displacement 
amount of said color filter is less than that of said lens which 
is displaced with respect to the opening along said surface of 
said substrate. 

6. A camera comprising: 

a solid-state image pickup device having an image pickup 
region formed by arraying a plurality of pixels on a 
substrate; a light-shielding film formed on said sub- 
strate and having an opening on a sensor of each of said 
pixels; a plurality of color filters formed on said light- 
shielding film in correspondence with said plurality of 
pixels; and a plurality of lenses formed on said color 
filters in correspondence with said plurality of pixels; 

an optical system for forming an image of light incident 
from a target object on said image pickup region of said 
solid-state image pickup device; 

a driving system for driving said solid-state image pickup 
device; and 

a signal processing system for processing an output signal 
from said solid-state image pickup device, 

wherein a displacement amount of said color filter which 
is displaced with respect to the opening along a surface 
of said substrate increases as a distance from a sub- 
stantial center of said image pickup region to the 
opening increases, and a height from said surface to a 
substantial center in a direction of thickness of said 
color filter increases, 

7. A camera according to claim 6, wherein as an incident 
angle of the light, which is obtained from an exit pupil of 
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said optical system, is large, the displacement amount of said a surface of said substrate as a distance from a 

color filter becomes large. substantial center of said image pickup region to the 

8. A camera according to claim 6, wherein said color filter opening increases, and a height from said surface to 

has a multilayer structure, and an upper layer portion and a a substarjtial ccntcr in a dircction of thickncss of aid 

lower layer portion of said color filter have different dis- 5 r , trt „ ■ _ QO 

, , 4 color niter increases, 

placement amounts. . _ . , . 

9. A camera according to claim 6, wherein said color filter . U ' ^hod according to claim 12, wherein as an 
has a single-layer structure, and the thickness of said color incident angle of light incident from a target object, which 
filter changes in units of colors. k obtained from an exit pupil of an optical system for 

10. A camera according to claim 6, wherein the displace- 10 forming an image of the light on said image pickup region, 
ment amount of said color filter is proportional to the height. is large, the displacement amount of said color filter 

11. A camera according to claim 6, wherein the displace- becomes large. 

ment amount of said color filter is not more than that of said 14. A method according to claim 12, wherein said color 

lens which is displaced with respect to the opening along filter has a multilayer structure, and an upper layer portion 

said surface of said substrate. 15 and a i ower layer portion of said color filter have different 

12. Amethod of manufacturing a solid-state image pickup displacement amounts. 

device having: 15 A metno d according to claim 12, wherein said color 

an image pickup region formed by arraying a plurality of filter has a single-layer structure, and the thickness of said 

pixels on a substrate; color filter cnarjges in units of ^ors. 

a light-shielding film formed on said substrate and having 20 16. A method according to claim 12, wherein the dis- 

an opening on a sensor of each of said pixels; placement amount of said color filter is proportional to the 

a plurality of color filters formed on said light -shielding height. 

film in correspondence with said plurality of pixels; and 17. A method according to claim 12, wherein the dis- 

a plurality of lenses formed on said color filters in 25 placement amount of said color filter is not more than that 

correspondence with said plurality of pixels, compris- of said lens which is displaced with respect to the opening 

ing the step of: along said surface of said substrate. 

increasing a displacement amount of said color filter 

which is displaced with respect to the opening along ***** 
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